Transition metal-catalyzed C-H bond functionalization is an atom- [1] and step-economical [2] organic transformation that has emerged over the last two decades. [3] A directing group-assisted C-H bond activation process to form metallacyclic intermediates is frequently used to realize regio-and chemoselective transformation of desired C-H bonds. Among the numerous catalysts explored in this field, Cp*Rh III complexes are prominent catalysts for directing group-assisted functionalization of aromatic C-H bonds due to their high reactivity, generality, and functional group compatibility. [4] The high cost of Cp*Rh III complexes, however, can be an obstacle to future large scale application for producing valuable materials and biologically active compounds. In this context, in 2013 we began to investigate Cp*Co III catalysis as an inexpensive alternative to Cp*Rh III catalysis. [5, 6] Since then, we and other groups revealed that several Cp*Co III complexes indeed catalyze various C-H bond functionalization reactions [7] Isoquinoline is an important structural motif found in a series of biologically active natural products and pharmaceuticals. [9] Cyclization reactions of oxime derivatives and alkynes via C-H activation to give isoquinolines without any external oxidants [10, 11] have been developed under various transition metal catalyses. [12] [13] [14] Among them, Chiba and co-workers reported a Cp*Rh III -catalyzed annulation reaction of O-acyloximes with internal alkynes (Scheme 1a).
[13a] Zhao, Jia, Li, and co-workers also reported the reaction with oximes under Cp*Rh III -catalysis.
[13b] The substrate scope in both cases, however, was limited to internal alkynes. [13, 15] Moreover, site selectivity of the C-H activation step to form a metallacycle was also problematic when unsymmetrical m-substituted oxime derivatives were used as substrates. Only very limited substrates bearing methyl or alkoxy groups showed sufficient site selectivity in previous transition metal-catalyzed isoquinoline syntheses from oxime derivatives. [13, 14] We hypothesized that steric repulsion between We optimized the reaction conditions using m-Cl-substituted O-acyloxime 1a and a terminal alkyne 2a as model substrates (Table 1) . The reported reaction conditions for internal alkynes using acetate bases in MeOH [13a,b] at 60-80 °C resulted in no reaction (entries 10, 11). When using AgSbF6 and carboxylate/carbonate bases in 1,2-dichloroethane at 120 °C, the annulated products were obtained in 9-28% yield, but poor site selectivity in C-H activation was observed in all cases (entries [13] [14] [15] [16] .
The scope of unsymmetrically substituted O-acyloximes 1 is summarized in Table 2 . O-acyloximes bearing halogen substituents at the m-position generally exhibited high siteselectivity, and the less hindered C-H bond was functionalized (3aa-3ib). Another substituent at the p-position (Y in 1) did not affect the selectivity or reactivity (3ca, 3db, 3eb, 3fa). Various [a]
[a] Reactions were run using 1 (0.15 mmol), 2 (0.18 mmol), Cp*Co(CO)I2 (10 mol %), AgSbF6 (20 mol %), and KOAc (20 mol %) in ClCH2CH2Cl at 120 °C for 24 h unless otherwise noted. Indicated yields are combined isolated yield of 3 and its regioisomer 4. Number in parentheses is ratio of 3/4 determined by 1 H NMR analysis of the crude mixture.
[b] CsOAc (20 mol %) was used instead of KOAc. 1 (0.10 mmol) and 2 (0.15 mmol) were used.
[c] Reaction was run at 80°C. [d] Reaction was run at 100°C.
substituents at the m-position, such as an ester, methyl, and CF3 groups were compatible, and high site-selectivity was observed with terminal aryl alkyne 2b. By slightly modifying the reaction conditions using CsOAc as a base, terminal alkyl alkynes 2d-2g also afforded products with high site-selectivity (>20:1) and good to moderate yield (3hd, 3kd, 3md-3mg) . We evaluated the reactivity of the Cp*Rh III catalyst with several terminal alkynes and unsymmetrical O-acyloximes, but the yield and/or site selectivity were much less satisfactory (3db/4db: 38%, 1/1.7; 3eb/4eb: 62%, 1/1.2; 3hb/4hb: 18%, 1.1/1; 3kb/4kb: 9%, >20/1; 3lb/4lb: 30%, >20/1; 3mb/4mb: trace, n.d.; 3md/4md: 6%, >20:1). In the previous report, Cp*Rh III also resulted in low siteselectivity when using m-Br substituted O-acyloxime 1b and internal alkyne 2h (3bh:4bh = 2.7/1).
[13a] The Cp*Co III catalyst exhibited much superior site-selectivity using either aryl or alkyl internal alkynes (2h and 2i), and a broad range of unsymmetrically substituted O-acyloximes afforded products 3ah-3ki with >20:1 site selectivity and 45-97% yield. Table 3 . Scope of terminal alkynes 2.
[a]
[a] Reactions were run using 1 (0.15 mmol), 2 (0.18 mmol), Cp*Co(CO)I2 (10 mol %), AgSbF6 (20 mol %), and KOAc (20 mol %) in ClCH2CH2Cl at 120 °C for 24 h unless otherwise noted. Isolated yield of 3 was determined after purification by silica gel column chromatography.
[b] Yield in parenthesis was obtained using 1n (5.0 mmol, 1.06 g) and 2b (6.0 mmol).
[c] CsOAc (20 mol %) was used instead of KOAc. 1 (0.10 mmol) and 2 (0.15 mmol) were used.
Because Cp*Rh III exhibited only modest to poor reactivity with terminal alkynes, [15, 16] we further examined the synthetic utility of the Cp*Co III with various terminal alkynes and symmetrical O-acyloximes. Aryl, alkyl, heteroaryl, and ferrocenyl terminal alkynes reacted smoothly with O-acyloxime 1n, giving products 3na-3nr in 52-92% yield (Table 3 ). The reaction also proceeded in gram-scale without difficulty, and 3nb was obtained in 88% yield. Regarding the scope of symmetrical Oacyloximes, 1o-1u gave 3oa-3ub in 72-81% yield. An orthosubstituted bicyclic O-acyloxime 1v gave 3vb in 73% yield, and a benzophenone-derived O-acyloxime 1w also afforded the product in excellent yield (3wb, 98% catalyst, because the ionic radius of cobalt is smaller than that of rhodium. [17] Further mechanistic studies, however, are required
to clarify the precise origin of the high site-selectivity. Possible reaction pathways to form isoquinolines 3 are summarized in Figure 1 . Coordination of O-acyloxime 1a to the Co III center, followed by acetate-assisted C-H activation [18] at sterically less hindered site, gives 5-membered metallacycle (I). Alkyne insertion leads to a common intermediate (II [14b,19] , because 3 was not obtained when separately synthesized intermediate V (X = Cl, R = Ph) was subjected to the reaction conditions. 
